Purpose To investigate the cone-and rodmediated multifocal electroretinograms (mfERG) in early age-related maculopathy (early ARM). Methods and subjects We investigated the cone-and rod-mediated mfERG in 17 eyes of 17 subjects with early ARM and 16 eyes of 16 age-matched control subjects with normal fundi. All subjects had a visual acuity of 6/12 or better. We divided the ARM subjects into two groups based on drusen size and retinal pigment epithelium abnormalitiesFa less advanced (ARM1) and a more advanced (ARM2) group. The mfERG data were compared to templates derived from the control group. We analysed the mfERG results for the central and peripheral fields (CP method) and the superior and inferior fields (SI method). Results While the mean cone results showed no statistically significant difference between the groups, the rods showed significantly delayed responses in the ARM1 group for the CP and the SI methods, but not in the ARM2 group, although there was a trend of longer latencies compared to the control group. Conclusion Our results show a functional impairment of the rods in early ARM subjects. As there is histopathological evidence showing earlier rod than cone impairment in early ARM, following the rod function with the mfERG might be helpful in diagnosis or for monitoring the progression of early ARM.
Introduction
Recent histopathological studies by Curcio et al. [1] [2] [3] [4] have shown a preferential vulnerability of rods compared to cones in age-related maculopathy (ARM) eyes. They found no difference between normal age-matched eyes and early ARM eyes in the foveal mosaic, but parafoveally there was a localized rod loss together with mis-shapen cone inner segments in early ARM eyes. Furthermore, they demonstrated that the rod loss began in the inferior retina during normal ageing. Earlier histopathologic studies in ageing eyes also indicated preferential rod damage with elongation and nuclear displacement starting at age 40 years. 5, 6 Holopigian et al. 7 investigated the peripheral cone and rod function in subjects with early ARM by obtaining dark-adaptation curves, electro-oculograms (EOG), and full-field electroretinograms (ERG). They found no difference for the cones compared to agematched controls but abnormal absolute thresholds and cone-rod break times as well as impaired electroretinographic measures in the full-field ERG for the rod system. Owsley et al. 8, 9 measured scotopic sensitivity at 52 loci in the central 381 field and showed delayed rodmediated dark adaptation in early ARM. Sunness et al. 10 tried to differentiate between ARM stages by performing focal EOGs but found that the focal EOG was not sensitive enough to discriminate between ARM subgroups. Recently, Scholl et al. 11 showed normal or mildly abnormal photopic sensitivity, but moderately to severely reduced scotopic sensitivity in ARM subjects with central increased fundus autofluorescence corresponding to foveal drusen. They performed fine matrix mapping with a modified Humphrey field analyser depending on the location of the area of increased fundus autofluorescence imaged with a confocal scanning laser ophthalmoscope. Curcio et al. 3 suggested that tests of rod function might be advantageous, and might permit detection of ARM at earlier stages than do standard tests of cone function.
The multifocal electroretinogram (mfERG) developed by Sutter and Tran 12 can give valuable information about the functional condition of the central retina. [13] [14] [15] [16] [17] Most previous studies have been performed under photopic conditions, which are thought to reflect mainly conemediated photoreceptor and bipolar function. 18, 19 Although reduced amplitudes and delayed latency of the cone mfERG have been demonstrated with age [20] [21] [22] and in different stages of ARM [23] [24] [25] [26] mainly with concentric ring averaging methods, there have been no studies identifying the functional impairment of rods. Recently Hood et al. 27 developed a mfERG protocol for isolating rod responses in humans and Holopigian et al. 28, 29 demonstrated the clinical use of this protocol in retinitis pigmentosa and progressive cone dystrophy.
Based on these histological and psychophysical results, our main goal was to measure the function of both cones and rods in different advanced ARM groups, using the mfERG and a curve fitting method for objectively characterizing mfERG parameters.
Materials and methods

Subjects
In all, 33 subjects were selected from the Optometry Clinic at the Queensland University of Technology, Brisbane, Australia or were referred by local ophthalmologists. Of these, 17 subjects made up the early ARM group (nine female and eight male subjects, age range 60-75 years, mean age 70 years) and 16 subjects comprised the age-matched control group (eight female and eight male subjects, age range 58-72 years, mean age 68 years). All subjects had distance visual acuity of 6/12 or better. They underwent a full clinical examination, including slit-lamp and fundus photography and if necessary fluorescein angiography to exclude choroidal neovascularization. All subjects who were enrolled in the study gave written informed consent, and the tenets of the Declaration of Helsinki and the requirements of the University Human Research Ethics Committee of the Queensland University of Technology were followed.
Slit-lamp photographs for grading the lens were taken and subjects with posterior subcapsular cataract and cortical or nuclear opacities higher than grade one according to the templates of the Age-Related Eye Disease Study (AREDS) clinical lens standards were excluded. 30 Colour fundus photographs (Zeiss Jena Mydriatic Fundus Camera) of the central 301 of the posterior pole (centred on the fovea) were taken and retinal changes were graded independently by two experienced observers (BF, PS) by using a set of the Wisconsin age-related maculopathy standards with example photographs and a grid with grading circles (AREDS Reading Center, University of Wisconsin, Madison, USA). 31 One observer (PS) was masked to the subjects' functional results, and agreement was achieved in all subjects with judgments of the other investigator (BF, not masked).
We defined early ARM as the presence of either hard or soft distinct drusen less than 125 mm in size with or without retinal pigment epithelial (RPE) abnormalities or soft indistinct drusen larger than 125 mm. Both types of drusen have been shown to damage cone and rod inner and outer segments. 32 We divided our subjects into two groups (ARM1 and ARM2) according to the AREDS AMD levels 31 (ARM1 ¼ AREDS ARM levels 1 and 2; ARM2 ¼ AREDS ARM level IIIa-c) ( Table 1 ). The ARM1 group (less advanced) consisted of 11 eyes with drusen size less than 125 mm and RPE abnormalities, and the ARM2 group (more advanced) included six eyes with indistinct drusen greater than 125 mm and/or a total area 372 mm determined 'by mentally moving all drusen together' 31 and comparing this area with those of the standard circles of the Wisconsin grading system. These two groups represent an increasing risk to develop late ARM. 33 The control subjects (N group), with visual Table 2 shows the visual acuities and grading results for each of the ARM subjects.
mfERGs
The mfERGs (VERIS I, EDI Inc., San Mateo, CA, USA) were recorded monocularly using DTL thread electrodes and optical correction for the stimulus viewing distance (50 cm). Pupils were maximally dilated with tropicamide 0.5% and phenylephrine 2.5%. The subjects were instructed to watch the centre of a monitor flickering between black and white hexagons. To help to maintain fixation, a cross extending to each corner of the screen was used. The stimulus for the cones was a 103 hexagon array (35.51 Â 281) and for the rods was a 61 hexagon array (331 Â 281). Retinal signals were bandpass filtered (1-300 Hz) and amplified (Grass P5 amplifier, Â 100 000); blinks or small eye movements causing ERG artefacts during the recording segments were detected online and those segments were rejected and re-recorded. Fixation was controlled by observing the subjects' recordings online on a monitor and by analysing the region of the blind spot after the recordings. An overlap test for both protocols was performed to exclude kernel overlap.
Cone-mediated mfERG
The frame rate of the 103 hexagon display was 67 Hz, and the hexagons flickered according to a pseudorandom binary m-sequence (2 13 -1 steps in length), with a luminance of 100 cd/m 2 for the white hexagons and 2 cd/m 2 for the black hexagons (measured with a Topcon BM-7 luminance colorimeter). Recordings were divided into 16 segments (each about 11 s). Four files for averaging were obtained from every subject, resulting in a total recording time of about 10 min per eye (not including resting time between the segments). Figure 1a shows the hexagonal arrays for the cones with the trace arrays of a control subject below.
Rod-mediated mfERG
Rod-mediated mfERGs were recorded by applying a method similar to that of Hood et al. 27 We used a blue Wratten 47B filter (W47B) and slowed the stimulus sequence by inserting three blank frames between stimulus frames. We performed control experiments to find the optimal stimulus luminance and surround conditions to minimize stray light influence. 27 We performed several stimulus luminance experiments by varying the neutral density (ND) filters (W47B alone, W47B þ 1.0 ND, and W47B þ 1.5 ND) with no added surround and maximal ND filter setup (W47B þ 1.5 ND) with surround. Figure 2 shows the summed overall unfiltered rod responses to different surround luminances (0.01, 0.009, 0.004 cd/m 2 ) demonstrating decreased amplitudes with increased surround luminance. With no surround (0.0005 cd/m 2 ), a large stray light response was found.
For our protocol we chose the lowest light condition and the blue filter (W47B þ 1.5 ND, 0.004 cd/m 2 surround), which gave us the highest rod response. Thus, the luminance levels for our rod protocol were 0.0098 cd/m 2 for the bright, 0.0005 cd/m 2 for the dim hexagons, and 0.004 cd/m 2 for the surround (calculated from measurements made with a Topcon BM-7 luminance colorimeter).
After 40 min of dark adaptation, the rod mfERGs were recorded with a stimulus array of 61 equally sized hexagons, which flickered concurrently according to a pseudorandom binary m-sequence (2 13 -1 steps in length). One recording was obtained for each subject; it was divided into 32 segments (each lasting about 21 s), resulting in a total recording time of about 11 min (not including resting time between the segments). Figure 1b shows the hexagonal array for the rods and a trace array of a young and trained control observer. A different scaling for the rod traces was chosen to point out the different and smaller waveforms compared to the cones. The rod-mediated waveforms are much smaller and broader and show a later, less distinct peak compared to the cone-mediated response. 27 Although local (foveal and optical disc) responses are difficult to obtain, 27 the reduced nasal responses in Figure 1b possibly indicate the blind spot area. As with the cone-mediated mfERG, 34 the blind spot area was not evident in every subject and a response could be obtained in this area due to hexagon size and overlap of the stimulus elements.
Analysis
We examined the first-order kernel ERG response, which is the mean local response to all the flashes occurring in a stimulus cycle. 35, 36 Currently, there are three methods available for analysing the mfERG data. The conventional peak-to-peak (N1P1) and implicit time (N1-latency, P1-latency) method, the scalar product method, 12, 37 and a newer method using a least-squares fitting procedure developed by Hood and Li. 38 We applied Hood and Li's 38 method, which has proven to be valuable in hereditary retinal diseases, diabetes, and in establishing normative data for the mfERG. 21, 28, 29, 39 We chose this curve-fitting procedure (Matlab, Mathworks, Natick, MA, USA) to detect slight functional deficits in our early ARM subjects who had relatively good visual acuity. Further, we thought the conventional peak-topeak amplitude and implicit time method to be less accurate for the rod results as the rod functions show no distinct peak and are broad, small and low-frequency potentials (Figure 1b) . 27 We derived normal templates for each of the 103 and 61 hexagons from the control subjects. We then fitted each ARM subjects' results to those by varying two parameters. One parameter scaled the amplitude (a-scale) at each point in the hexagon array to minimize the difference between the response and the template values and the other parameter was a multiplicative scaling of time (t-scale) that stretches the entire response waveform. For each hexagon, a leastsquares fitting procedure was used to find the best fit. For each record, two values were available: an amplitude (ascale) and a latency (t-scale) value, which indicated values relative to the normal template. In addition, an error statistic (statfit) described the quality of the fit to which both the a-and t-scale contributed. A perfect fit or stafit value of 0.0 is the result of an a-and t-scale value of 1.0, which indicates that the values are equal to the mean of a control group. For example an a-scale of 0.8 indicates that the response is 80% of that of the mean of control group value. Higher t-scale values such as 1.2 indicate 20% longer latencies than the mean of the control template. 38 Before fitting the cone and rod responses, the data were spatially averaged once (ratio ¼ 6) and the VERIS noise reduction procedure (NRP) was performed. 12 Signals were low-pass filtered at 80 Hz (cones) and 15 Hz (rods) resulting in better measurable signals for the fitting method without appreciable amplitude loss; cone and rod data were fitted over 45 ms (from 15 to 60 ms) and 50 ms (from 60 ms to 110 ms), respectively, to avoid early and late transients.
To determine which parameter (a-or t-scale value) best describes early ARM, we analysed the results by averaging the a-and t-scale results for the central (acen, tcent) and the peripheral fields (aperi, tperi) (CP method) and the superior (asup, tsup) and the inferior fields (ainf, tinf) (SI method), which correspond to the lower and upper retina, respectively, in our normal and ARM subjects (Figure 3) .
We chose the CP and SI methods for the cones and rods because of histopathological evidence of preferential rod vulnerability beginning in the lower retina and parafoveally during ageing and in early ARM, and a hypothesized cone-rod interaction previously suggested by Hicks et al. 40 The reason for not excluding the central hexagon, which is supposed to be a rod-free area, was the relatively large hexagon size we chose (about 31), which probably included some rod responses. Additionally, Hood et al. 27 discussed the difficulty of obtaining local rod responses even with optimal recordings and found it hard to discern the fovea and the optic disc. Choosing smaller hexagons for more precise local rod distributions 27 would have resulted in a poorer signal-tonoise ratio and would have required longer recording sessions, which in our older subjects we thought was too demanding.
The mean statfit value for cones (0.370.1 for all fields) and for rods (0.370.1 for the central and inferior field and 0.470.1 for the peripheral and superior fields) showed low values, indicating that the template fits were accurate over the whole field.
Cone-mediated mfERGs were recorded from 17 ARM eyes and from 16 control eyes.
Rod-mediated mfERGs were recorded from 14 ARM eyes and 13 control eyes (ARM subjects l, p, q, and three control subjects could not perform the rod mfERG procedure). Recent studies suggested using a quality (goodness) of the fit 28, 29, 38 criterion for deciding which records are responses and which are noise. After examining our data, we set a statfit value of lower than 0.8 to identify a response from noise ( Figure 4) . Results higher than 0.8 were considered as noise. The records of the left eyes were mirror imaged so that appropriate parts of the retina were being compared across eyes.
Statistical analysis
Data were analysed with the Statistical Package for the Social Sciences (SPSS-11). Repeated measures analysis of variance (ANOVA) and post hoc tests (LSD) were conducted to compare the effect of retinal location (CP and SI methods) and subject groups and to investigate if the groups had different effects at the different retinal locations.
Repeatability of rod-mediated mfERG data
To show the reliability of the rod-mediated mfERG responses, we compared the local amplitudes and latencies of responses of an untrained normal control at baseline with repeated responses taken 20 min after the first recording, analysed by repeated measures ANOVA. Figure 5 shows the two hexagonal trace arrays and the overall responses (superimposed large waveforms) of the baseline results (bold lines) and the repeated results (dashed lines). Some drift of waveform responses was evident because of the inexperience of the subject and the low cutoff filter value chosen (1 Hz). Choosing a higher cutoff (3 Hz), 41 which may eliminate drift, would also decrease signal amplitude. 41 For the short-term repeatability results shown in Figure 5 , local latencies did not differ significantly (F (2, 40) ¼ 0.4, P ¼ 0.52), while the mean amplitudes showed a 13% decrease (F (2,40) ¼ 6.2, P ¼ 0.02).
We also compared the mean local amplitude and latency results of 10 of our (untrained) control subjects at baseline and 1 year later ( Figure 6 ). Again, the local latency results showed no significant differences (F (2, 47) ¼ 0.03, P ¼ 0.87) between the two measurements, suggesting that it is a robust and relatively stable measure. We found an increased mean amplitude by about 28% (F (2,47) ¼ 24.6, Po0.01), which may be due to stray light influence, which is thought to be greater in an older population according to Hood et al. 27 The scatter of increased lens opacities 1 year later together with the dilated pupil (larger than 8 mm) probably caused such an amplitude increase. Figure 6 Trace array of the averaged rod-mediated mfERG responses from each hexagon (small waveforms) and the overall response (superimposed larger waveform) of 10 control subjects at baseline (bold lines) and after 1 year (dashed lines). Although there are slightly greater amplitudes in the repeat measures, the peak latencies show stable measures.
Results
Significantly delayed central and inferior mean latencies were found for the rods in the ARM1 group compared to the control group (Tables 3 and 4) . There was a similar trend for the ARM2 group, but this did not reach statistical significance (P ¼ 0.07). Although the cones showed a trend of lower mean a-scales for both ARM groups for both methods, this was not statistically significant (Table 3 ). Figure 7 shows the trace arrays for the cones (left) and rods (right) of one subject (subject h). The cone responses are within the normal range but show some mis-shapen waveforms, while the rods show impaired results centrally, paracentrally, and in the inferior field.
Repeated measures ANOVA of the mean a-and t-scales for the cones (Table 5) showed no statistically significant difference between ARM groups compared to the control group in either CP or SI methods (group effect). However, the mean t-scales for the rods (Table 4 , Figure 8 ) of the ARM1 group were significantly delayed compared to the control group in both methods (CP: F 2,24 ¼ 4.88, P ¼ 0.02; ARM1: post hoc, Po0.01; SI: F 2,24 ¼ 4.91, P ¼ 0.02, post hoc, Po0.01).
Neither the ARM1 nor ARM2 groups' cone or rod responses had amplitude or latency estimates by location that were different from those of the controls, but there Eye was a significant location effect for the mean of the t-scales for the three groups (Tables 4 and 5 ). Shorter latencies were found centrally than peripherally for the cones (F 2,30 ¼ 6.47, P ¼ 0.02) and there were longer central (CP: F 2,24 ¼ 6.57, P ¼ 0.02) and inferior latencies (SI: F 2,24 ¼ 7.82, P ¼ 0.01) compared to peripheral and superior latencies for the rods for the three groups (Figure 8 ).
Discussion
We investigated cone and rod functions in early ARM with the mfERG by using a computerized curve fitting method. Our data indicate a functional impairment of the rods, which is consistent with Curcio's histopathological findings in early ARM. 4 We found significantly delayed rod latencies in the ARM1 group in both methods. Although there was a trend towards longer mean rod latencies in the ARM2 group compared to the control group, this was not statistically significant. Thus, we could not discriminate between the different levels of early ARM with the rod-mediated mfERG.
In all groups, the mean rod latencies were significantly delayed centrally (central averaged hexagons up to 3 mm) compared to peripherally (Table 4) , which is in accordance with histopathological findings in ageing and early ARM. 1, 4 Curcio et al. 4 detected a paracentral rod loss (0.5-2 mm from the fovea) in ageing and a rod loss particularly 0.5-1 mm from the foveal centre in early ARM. In contrast to the findings of Curcio et al., 1 we did not find a predeliction for the lower retina reflecting the 20 nV 100 ms 50 nV 200 ms Figure 7 Cone-(left) and rod-mediated (right) mfERG trace arrays from one ARM subject (subject h) right eye. Impaired results are seen for the rods centrally, paracentrally, and inferiorly, while the cone results are mis-shapen but within the normal range. Note the different scaling for the cone-and rod-mediated traces. Drift is evident because of the 1 Hz lower bandpass cutoff used in the recording. The mean and SD for the t-values (note that this value is a ratio) for the rods showed significantly delayed latencies for the ARM1 group compared to the control group. There was also a trend to longer latencies for the ARM2 group, which was not significant. For all groups, latencies were longer centrally and inferiorly compared to the peripheral and superior field.
beginning rod impairment, but we found more compromised retinal function in the upper retina (inferior field) for all groups (Table 4) . This might be due to the older ARM subjects (on average 70 years) we chose, as Curcio et al. 1 described their early findings in a younger age group (between 44 and 58 years). Further, this could reflect a beginning rod impairment in our subjects as Curcio et al.
1 found the highest rod density 4-5 mm above the fovea in their healthy eyes.
For the cones, all three groups showed significantly shorter mean latencies centrally than peripherally (Table 5 ). This was more evident, but not statistically significant, for the ARM groups. Seeliger et al. 42 investigated the implicit time topography of mfERG in subjects with normal vision and fundi and in subjects with retinitis pigmentosa. They found longer latencies centrally compared with the more peripheral retinal areas in their normal group by using a 61 hexagon stimulus and the concentric averaging method. They suggested that retinal asymmetry is evident due to physiological differences, which are presumably at the level of cones. Seeliger et al. 42 further suggested that it was important to be aware of normal implicit time topography, especially at the onset of maculopathy. If our finding of shorter mean central latencies reflects a beginning functional impairment for the cones, then monitoring latencies across the retina might help in estimating the progression of early ARM. Previous authors 23 found reduced cone-mediated amplitudes and delayed latencies in early ARM by choosing concentric ring averaging methods. Li et al. 23 described their ARM subjects as having early macular drusen or irregular pigmentation with RPE changes and a visual acuity of 6/8.5 or better. Although we found significantly faster latencies for all rings for the cones in the ARM1 group by applying their method of averaging the responses to six concentric rings, we found no amplitude reduction compared to the control group using the same method (data not shown). These findings are probably due to different ARM levels and age in their subjects compared to ours. However, in agreement with Li et al., 23 we found no statistically significant differences between the superior and inferior fields mean amplitude and latency results.
Hood et al. 27 had noted in their studies with the rodmediated mfERG that the stimulus and surround conditions that best isolated rod records still needed to be determined and may depend on the particular setup or even the patient population. They suggested that control experiments needed to be performed especially in older populations due to a possible greater stray light influence. We included the suggested stimulus conditions of Hood et al. 27 and adjusted them to our laboratory conditions and our older subjects including several surround and luminance control experiments. We slowed the stimulation sequence by inserting three blank frames, which has been suggested for clinical use. 27 Although the amplitude becomes greater as the number of blank frames is increased, the signal-to-noise ratio with three frames has been shown to be as good as with 14 frames inserted. 27 We overcame the stray light problems by adjusting surround luminance and by lowering the luminance of the stimuli. As reported previously, 27 we found larger peripheral responses due to stray light when no surround was added (Figure 2) . Unlike Hood et al., 27 who used Burian-Allen electrodes, we used DTL electrodes, which gave poorer signal-tonoise ratio 43 but more comfort to our subjects. One of the major problems for our subjects was to overcome eye drift and maintain concentration and fixation especially in the rod protocol in which vision was indistinct. Besides breaking up the recording (32 segments), we also used a fixation cross extending to each corner of the screen, which considerably aided fixation. Despite applying Hood et al's. 27 suggested clinical protocol and the attempt to make it easier for the subjects (DTL electrodes, larger fixation cross, and shorter examination time), many of our subjects still had difficulty controlling eye movements, resulting in more waveform drifts. Thus, the rod-mediated response quality was worse than that of the cone records, a fact that was also found by Hood et al. 27 It therefore still remains a demanding procedure that might not be suitable for every subject. However, we were able to show that the local rod latency did not change significantly during either short-or long-term follow-up in our control experiments. This demonstrates the reliability of our findings in ARM subjects in which only the latencies were significantly prolonged. The local rod-mediated mfERG amplitudes were less stable and showed more variation. Similar findings have been demonstrated for the local amplitudes of the conemediated mfERG by Fortune et al. 39 They showed that local cone-mediated mfERG responses differed in amplitude by a factor of about 10 between eyes and about 5 within eyes in normal subjects, whereas the variability of the latency was small suggesting it to be highly reliable.
The reason that the rods are first affected in ARM is unclear. Recent human and animal studies in ARM eyes have found a loss of photoreceptors, RPE cells, and inner nuclear layer cells by apoptosis, preferentially affecting the rods. [44] [45] [46] [47] Curcio et al. 3, 4 hypothesized a vitamin A deficiency and therefore a retinoid deficiency, resulting from a reduced translocation of the retinoids from the blood across Bruch's membrane due to the accumulated cell debris between Bruch's membrane and the RPE. Another reason for preferential rod rather than cone vulnerability might be their larger oxygen requirements; 48 a reduced choroidal blood flow has been demonstrated in ARM. [49] [50] [51] Grunwald et al. 49 found abnormal choroidal circulation in early stages of ARM and suggested that ischaemia plays a major role in the development of AMD. Friedman et al. 50 demonstrated increased vascular resistance of the short posterior ciliary arteries in AMD and proposed this to be the result of decreased compliance and calibre of choroidal vessels. An association between reduced rod responses and hypoxia has been described in diabetes. 48 It is known that ischaemia plays an important role in the pathogenesis and progression of proliferative diabetic retinopathy. 52 Dark adaptation studies in subjects with early diabetes have also shown effects on the rods. 53 Additionally, mfERG studies in subjects with and without diabetic retinopathy demonstrated reduced oscillatory potentials, 54, 55 which are thought to be largely rod mediated. 56 Kurtenbach et al. 54 showed delayed mfERG oscillatory potentials rather than amplitude reduction in their subjects without diabetic retinopathy. Although we used a different protocol in deriving our rod-mediated mfERGs, we hypothesize that our findings of delayed responses might reflect hypoxia due to reduced blood flow. This might also cause a decrease in the supply of important metabolites (such as vitamin A) to the rod outer segments as Curcio et al. 3 suggested in their hypothesis. We were able to record the rod-mediated mfERG in early ARM subjects and to show a functional loss of rod response with the mfERG in early ARM, which has not been described before. This might represent an earlier functional impairment for the rods than for the cones, but this needs to be confirmed by a longitudinal study of a larger sample of older eyes. Our results suggest that a follow-up of rod as well as cone function in older eyes may be predictive of early ARM and may assist in assessing progression or monitoring the effect of treatment for ARM.
